Introduction
, The kinetics of spinodal decomposition in three Cu-Ni-Fe alloys and the corresponding microstr,uctural changes as observed by electron , metallography have been previously studied by B~tlerand Thomas 1 and by Livak and Thomas. 2 As the structure coarserisinthese spinodal . , alloys, coherent platelets form on the {100} planes because this morphology minimizes the elastic strain energy of the two phase microstruct~re.3 After long aging times at high temperatures, the coherent platelets lose coherency as interfacialdis10cations form.
In a Cu-Ni-Fe' alloyofsymmetrltal composition (Le. at the center , ' 1 ' of the miscibility gap), Butler and Thomas' observed that interfacial dislocations initially fOrm when the platelet thickness is ~ 500A
and that loss of coherency occurs more rapidly at' higher aging temperatures even though the latticE mismatch between the t~lO fcc phases decreases with increasing temperature. Contrast experiments indicated that the most probable Burgers vectors of the ,interfacial dislocations' are of the type a/2 ( 110 > which are slip dislocations in these alloys. After very long aging times, networks of interfacial dislocations were observed and the semi-coherent interfaces were observed to rotate away from the {l00} habit planes toward {HO} planes. The objective of the present study was to understand the mechanism I for loss of coherenci in spinodally decomposed and coarsened Cti-Ni-Fe alloys. Detailed analysis by transmission electron microscopy has led to a model for the developL'lent of the serr.i-coherent microstructures from the initially coherent platelet morphology which is consistent with observations. The relative energies of various types of interfacial structures have been considered and a dislocation mechanism is proposE:d
to account for the generation of many misfit-accommodating dislocation loops from a single slip dislocation captured at the interface.
ExperimentalProcedures

Materials and Heat Treatment
The preparation of the alloys used in this study has been described 1 2
earlier. ' . The compositions of the three alloys studied, in at.%, Ni -9 Fe.
These alloy compositions lie along the same tie-line on the miscibility gap of the eu-Ni-Fe system and the corrE;!spondingpseudo,binary phase diagram is given in Fig. I of reference 1.. Samples for electron microscopy were prepared from .eight mils thick sheet material· that had been fabricated from the alloy ingots as described previously. 2. coarseni.ngwere to be studied, the quench rate was not critical to the subsequent aging treatments. Aging was done in evacuated quartz tubes at 775°C and BOO°C for 50, -100 and 200 hrs.
Electron Microscopy
The heat treated coupons were thinned initicl1ly in a chemical polishing solution of 20 ml acetic acid, 10 ~l nitric acid and 4 ml hydrochloric acid or on wet polishing paper to. a thickness of 3-4 mils.
Small discs were then spark cut from the coupons, polished on fine emery paper and electropolished in a double jet polisher using a chromic-acetic acid solution (75 gru Cr0 3 ,400 mlaceticacid and 12 m1 water) kept at .... 10°C. This polishing procedure worked fairly well even though the Cu rich phase polished preferentially.
The polished thin foils were examined in a Siemens .Elmiskop IA electron microscope operated at 100kV using.a double tilt goniometer stage .forcontrast experiments. A few foils were examined in a Hitachi 650 kV electron microscope to study the. interfacial dislocation arrays in thicker areas of the foils. _ In order to obtain a better understanding of the dislocation configurations, pairs 6f stereo micrographs were taken of some areas at 100 kV by tilting the foil 10-12° along a Kikuchi band so as to have the same diffraction conditions for both micrographs. Most of the electron microscopy observations were made on alloy 2
,which contains the largest volume ·fraction of the Cu rich phase in ,the three alloys studied. Since the Cu rich phase. po1ishedpteferen~.
tially, it was easier to prepare good foils of alloy 2 than of the other two alloys. No interfacial dislocations were observed in specimens of the two asymmetrical alloys (compositions 1 artd2) aged at 7.00oC for 10, 40, and 200 hr and at 775°C for 10 hr. It .wasobserved 2 earlier that the particles in these two alloys remained coherent after aging 1000 hr at 625°C. Whenaged'at 800°C alloy 2 contains' --15% volume fraction of the Ni-Fe rich phase. This alloy remains single phase when aged at 825°C but the symmetrical alloy (composition A) is still inside the two phase region at this aging temperature.
Before coherency is lost, elongation of diffraction spots normal to the interfaces indicates that the two phases have constrained face ·centered tetragonal crystal structures with the c axes normal to. the coherent interface and the two common a ,axes lying in the {100} interface. In,samples aged at 625°C for 1000 hr, this'spot elongation corresponds to a lattice parameter difference normal to the interface qf flc.= 1%.5 In a sample of alloy 2 aged 200 hrat 775°C"themeasured I moire fringe spacing corresponds to a constrained lattice misfit of 0.7% between the.two coherent phases.
In many of the diffraction patterns taken of large coherent platelets, distinct streaks were observed lying along the <100> direction !formal to
-5-.the interface. The length of these streaks,' as shown in Fig. la,   o corresponds to a distance of 15-20A in the crystal; and they probably ar~ produced by the elastically str!'tined region on eit~er side of the coherent interface. In some cases two streaks separated by a small distance were .observed to pass through tlle ,scunespot, and this effect may be caused by a magnetic deflection due to the ferromagnetic Ni-Fe rich phase.
The microstructure prior to loss of coherency consists predominantly of thin platelets about 500Athick and l-2~ in length with {IOO} habit planes (see Fig. 2a ). , During the initial stages, loss of coherency does not occur throughout an entire grain but rather specific variants of the platelet morphology develop interfacial dislocations preferentially as shown in Fig. 2b . Furthermore different stages in the development of the dislocation arrays are often observed in adjacent particles.
Another aspect of the selective nature of this process is that there appears to be no unique particle size but rather a range of particle thicknesses for which interfacial dislocations are observed. This is ill~strated in Fig. 3 where two groups of four interfaCial dislocations are seen at one platelet and all the surrounding platelets are still coherent. cases the interfaces become curved as they change orientation (e.g. ' dislocation density is very low indeed prior to loss of coherency • However, sofar no detailed studi~s have been made to determine the origin of these dislocations. As an approximation to the actual coherency stress system, it is assum~d that only the two normal stresses acting in the interface ~re non-zero for reasons discussed in appen-
The results in Table I show that there is no preferential stress interaction between a coherent interface and a dislocation with a given interface as shown in Table I .
The subsequent extension of the captured slip dislocation along the interface occurs as the platelet grows in thickness and the coherent strain energy increases (at a given aging temperature).
Electron microscopy ,observations have shown that dislocation extension does occur at the platelet interfaces in these eu-Ni-Fe alloys (e.g. The two equilibrium phases differ in lattice parameters, consequently a riet flux of atoms must diffuse from theCu rich phase, with the larger lattice parameter, to the Cu poor phase so as to maintain
-15-the correct correspondence of atomic planes across the semi-coherent interface.
As the dislocation spirals around the platelet, closed loops will be formed from each turn of the spiral as shown in Fig. 9d . Opposite sides of each turn are attracted to each other since the dislocation line changes its sense of direction as it winds around the platelet.
As the first turn of the spiral forms a loop, successive turns of the spiral will be in various stages of formation so that many dislocation loops can be generated from a single slip dislocation captured at the
interface. Other sets of interfacial dislocations with different
BUrgers vectors can be produced by this same dislocation mechanism.
However, the subsequent dislocations will interact with the initial set of dislocations and will thus be hindered in climbing arou!1d the particle (eig. Fig. 6 iri Ref. 4).
Change in Particle Morphology
The rotation of the semi-coherent interface toward a {lID} orientation can now be understood in terms of the proposed model for loss of coherency. Slip dislocations with Burgers vectors inclined at 45° to the {lOO} coherent interfaces are preferentially attracted to the interfaces as shown by the resolution of the coherency stresses.
The driving force for the rotation of a semi-coherent interface toward a {lID} orientation is the difference in structural interfacial energies between a {IOO} semi-coherent interface with b at 45° to it and a {IIO} interface which contains h. The local rotation of the interface plane at interfacial dislocations is evident in Fig. 3 . The -16-necessary changes in composition during this rotation occur by diffusion as evidence by the observed rates.
As the semi-coherent interfaces rotate, the initially coherent {IOO} platelets become semi-coherent rods with faces parallel to {HO} planes arid the rod axes along (100) as shown in Fig . 4 , The proposed mechanism for the spiraling ,of a captured slip dislocation around the coherent platelet 1s able to explain these However, the analysis for the case of thin films only approximates the platelet case since the thin film is not elastically constrained at its free surface. In the following discussion, the film -thickness (h) will be assumed to be equivalent to one-half of the platelet thickness. For the case of Cu-Ni-Fe, 0' = (a l -a 2 )/a l ::: 0 at small values, and a l and a 2 are the lattice parameters of the two phases, the one having lower shear modulus ~l and Poisson's ratio VI As a first approximation,
-19-this elastic strain energy is doubled if the film is homogeneously deformed in two directions. Because Eq. (1) is for the case where all the elastic strain energy is accommodated in the thin film, it
gives too large an energy for the case where both crystals are deformed elastically to accommodate the misfit.
For the semi-coherent interface, van der Merwe has considered two simple cubic crystals in parallel orientation with the misfit in only one direction being accommodated by parallel edge dislocations.
By treating the interaction across the boundary with a sinusoidal force law and the interaction within a given crystal on the basis of an elastic continuum, the following expression was obtained for 
In these equations c = 1/2(a l + a 2 ), ~ = shear modulus .at the boundary, ~1 and ~2 = the shear moduli within phases 1. arid 2 respectively, and VI and v 2 == Poisson's ratio within I and 2. In a subsequent paper van der Merwe l2 showed that the interfacial energy-for a film of "infinite" thickness is very nearly the same as for a film of finite thickness greater than one-half the separation of the misfit dislocations. This .'\ ~ f, ;j 9 :,)
In order to calculate the structuralinterfacfal energy for the coherent interface, an appropriate thickness of the platelet must be
used. An upper limit for this energy is given by taking h = 2soA
which is one-half of the observed thickness of the coherent platelets,
I
and a lower·limit is given by using the above calculated critical thickness for loss of, coherency (1. e. h = IOeA) . Taking   - For the semi-coherent interface, two cases will be considered: The following discussion and stress analysis are based on an 18 analysis done by Dahlgren for the calculated yield stress of a coherent platelet microstructure. As an approximation to the coherency stresses acting on the platelets, it will be assumed that the stress normal to the interface is zero, a = 0 (see Fig. 7 a xx
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